, [9] that teachers have a key role in the introduction of technology in schools. Despite this obvious observation, there is a severe lack of studies analyzing this key factor and, in particular, the attitude of teachers toward educational robots. Lee et al. [3] examined the perceptions of teachers, students, and parents regarding the use of robots in Korean schools. The results showed that although students and parents thought more highly of the use robots in schools than did teachers, none wanted robots to replace teachers. Fridin and Belokopytov [8] studied the first-time acceptance by teachers of a socially assistive humanoid robot, showing that teachers' desire to use robots is linked mainly to their perceived utility of robots as tools. A limiting factor in this study is that teachers were interacting with a robot for the first time. Kim et al. [9] performed a short survey of 116 Korean teachers who had an initial experience of using robots in education, asking them about their opinion on the potential use of this technology. The results indicated that the teachers considered this technology to be appropriate for use with students in the fifth grade and above, applicable to almost every discipline, and particularly useful for including introverted children in class activity. Although this study included elementary, middle, and high school teachers, it lacked a more detailed analysis of the specific motivation behind this choice. Kradolfer et al. [10] conducted a deeper analysis using sociological methods to understand the blocking factors in the use of robots by teachers who were already familiar with this technology. They came to the conclusion that such limitations could be a result of the high price of robots, the absence of either institutional injunctions or pedagogical research in educational robotics, or a scarcity of appropriate materials and teacher training.
In Switzerland, several efforts have been made to address these issues, including the development of the affordable Thymio II robot [11] (referred to as Thymio hereafter), its widespread distribution (>2,000 units) in schools, the production of associated educational material, the documentation of best practices to help teachers understand its benefits, and teacher-training programs for its use. This framework has allowed us to observe a broad spectrum of situations relating to the application of and reactions to robots in formal education. To systematically analyze this process, we ran a survey targeting three key factors: utility, usability, and acceptability. Teacher feedback on utility, usability, acceptability, and their mutual influences has brought about a better understanding of the mechanisms underlying the introduction of robotics in schools.
Scope of Survey

Opportunity
Since 2013, the École Polytechnique Fédérale de Lausanne (EPFL), in collaboration with the Lausanne University of Teacher Education (La Haute École Pédagogique du Canton de Vaud), has offered training sessions for teachers of the first, second, and third cycles (corresponding to pupils 4-15 years of age) in the French-speaking area of Switzerland. The purposes of these sessions, called Robots en Classe, are to 1) train teachers to show the links between the principles of educational robotics and the official curriculum of the Plan d'Etudes Romand (PER) and 2) create a network for trained teachers.
A total of 214 teachers attended at least one of the training sessions in 2013 and 2014. We asked them to fill out a survey with questions on what they perceived were the benefits of using robots in teaching. In particular, we asked their opinion of the pedagogical use they make, or intend to make, of robots. This questionnaire focused on the Thymio robot, which was used during training sessions.
The Thymio Robot
Teachers can take advantage of the wide range of educational robots available on the market, and each has specific features based on designer choice. For the purposes of this study, we will focus on small wheeled systems, as they are the most common type of robot used in education and correspond to our choice with Thymio.
The most widely used and studied system [12] is LEGO Mindstorms [1] , now available in its most recent model known as EV3. EV3 design choices include the key role of construction, a very technical look, the high price compared with that of competitors, and the decision not to support Linux as a platform but to enable the use of tablets. The resultant product is ideal for boys ten years of age and older. Although construction using LEGO bricks is known as a valuable activity for children, the use of EV3 requires students to build the robot before seeing it work, which impacts motivation and entails a great deal of effort on the part of teachers. In addition, teachers must ensure that the sets include all pieces at all times. To reach younger users, LEGO offers the WeDo system, which is much cheaper but has very limited input/output (I/O).
Some platforms, such as Edison (http://www.bee-bot.us), feature LEGO-compatible connectors that enable construction on top of a ready-to-use robot. Edison's design choices are based on extremely low-price solutions, making the whole product very affordable (US$49), but the product is very limited in its functionalities and performances. Dash & Dot has two different robots, and the design is oriented to appearance, making it attractive for children 5-15 years of age. Technically, these systems have a limited set of sensors, but they display impressive behaviors, combining sound, movement, and light effects in an inviting manner. By using a tablet, the child can intermix a large set of attractive, predefined behaviors, ensuring highly entertaining results.
KIBO [13] and Bee-Bot (http://www.bee-bot.us) target younger children by focusing on tangible interaction and avoiding the use of computers or tablets. Bee-Bot is very affordable and has no sensors, and its bee-like appearance is attractive for young children. Using arrows located on the robot's back, children can program its movement on a grid. KIBO is much more expensive because it is produced in small quantities, but it can be programmed without a computer by using a set of wooden blocks equipped with barcodes that may be scanned to compile the robot program.
At the other end of the spectrum, a large number of robotics products allow users to have direct contact with electronics. Several are linked with well-known processor boards, such as Arduino (https://www.arduino.cc) or Raspberry Pi (https://www.raspberrypi.org). A good example of such products is mBot (http://www. makeblock.cc/mbot), which is based on a simple frame with two sensors and an Ard uino board. The choice of mass-produced electronics allows for a lower price but results in a less integrated product.
Finally, there are several robots, such as Finch (http:// www.finchrobot.com), that are fully programmable but have very limited interactivity with the user. The Finch design, for instance, includes classical sensors, a color light-emitting diode (LED), a differential drive system, but a highly reduced user interface. Finch's specific feature is that it is constantly tethered, which removes the need for a battery and simplifies communication. In addition, this approach allows the user to control the robot from a computer, where many programming environments are available.
When robots are programmed from a computer or tablet, the programming/user interface is a crucial element of the system. The two main approaches are text and graphical programming [14] . Graphical programming is considered to be best for beginners, whereas text programming is more flexible and powerful. The most well-known graphical programming environments, besides those that are used with LEGO systems, are Scratch and Blockly [14] .
As mentioned previously, our work was based on Thymio, a small, mobile robot designed at EPFL in 2010-2011 ( Figure 1 ). It is intended to be an affordable, educational platform that allows students to discover the basic notions of robotics and computer science.
Thymio is a complete robot, usable right out of the box as a result of preprogrammed behaviors that describe its different sensors and actuators. On its shell and wheel are LEGOcompatible fixations that allow construction. In contrast to all other products discussed here, Thymio has a very impartial look: it is all white and has a very clean but functional shape, making it highly gender and age neutral, as shown in previous studies [11] . Thymio features a wide range of sensors [nine infrared proximity sensors, a three-axis accelerometer, microphone, temperature sensor, remote-control receiver, secure-digital (SD)-card slot, and five capacitive buttons], two motors, a loudspeaker, and 39 LEDs spread over its body. These LEDs constitute another very unique feature of Thymio: its high interactivity with the user. For instance, it displays all sensor activity in real time on the robot body. In addition to a set of preprogrammed behaviors, Thymio runs an Aseba Virtual Machine that is able to receive a user's code by way of three programming interfaces: the text-based interface inputs Aseba scripts directly, the Blockly interface represents code by graphical blocks, and a visual programming language (VPL) that is more accessible for beginners [15] , even those who do not yet read. A unique feature of these environments is that they are linked together. Therefore, a child can program with VPL and then observe the corresponding text script. This feature has been very well received by teachers because it offers a smooth approach to programming. Finally, Thymio is quite popular due to its simple logistical requirements (especially in comparison to Mindstorms) and its affordable price. The main criticism to date is that Thymio is incompatible with Scratch, the most common programming interface among beginners; however, this issue is very close to being resolved. Thanks to these factors, Thymio is gaining popularity in schools, and efforts are ongoing to improve it by including a wireless module and using augmented reality in the programming interface [16] .
A comparison among five of the most well-known educational robots, based on a set of key features, is given in Figure 2 . A star on the corresponding axis highlights specific advantages of each platform. The figure shows that construction-based robots require much effort before being operational, lack the possibility of being used in unplugged activities, and are less interactive. Less expensive robots with few or no sensors, such as the Bee-Bot, can be more effective in unplugged activities and are quickly operational. Thymio shows a very interesting profile, with a neutral look and a set of features combining those of the other systems; however, the exceptional construction possibilities of the LEGO EV3 system remain unmatched.
Research Questions
The literature concerning educational robots often focuses on their effect on pupils [12] ; reports of teacher reactions are minimal. There is a greater selection of literature concerning teacher practices within information and communication technologies (ICTs). For instance, according to the PROFETIC study published in 2012 by French National Education [17] , 97% of French-speaking teachers consider ICT to be useful in the classroom, but only 5% actually use it daily. We wondered whether teachers consider educational robotics to be useful and whether they actually incorporate it as a teaching tool.
In this study, we attempted to understand the reasons why teachers use Thymio. In addition, we sought to measure teacher perception of themselves and their environment when they use Thymio. To this end, the following questions were posed:
• What do teachers perceive to be the robot's main utility?
• For which school subjects do teachers use Thymio?
• What kind of knowledge do teachers target in robot-based activities? • What professional skills are required to use the device?
• What factors enable the use of robotics in the classroom?
• What is the perceived usability of the device; that is, can pupils easily handle it? • What is the perceived acceptability of integrating this type of device in teaching? • What are the device constraints for classroom use?
Methodology
If we consider robots as part of ICT, we must evaluate educational robots in the same way that we would evaluate a computer-based tutoring system. Accordingly, we started with Tricot et al. 's approach, which considers all possible relationships using the following three dimensions [18] :
• Utility measures the conformity of the purpose of the device with user needs. Does the device allow teachers to reach their teaching goals? • Usability measures the ease of use and applicability of the device. Can pupils easily handle it? What are the constraints of its use in the classroom? • Acceptability measures the possibility of accessing the device and deciding on its use, the motivation to do so, and the persistence of use despite difficulties. Is the device compatible with the teacher's practice, resources, constraints, and objectives? To measure the acc eptability of the device regarding motivation, we merged this model with that of Deci and Ryan [19] . More specifically, we used Vallerand et al. 's test, which presents seven types of motivation [20] . (Note that we did not consider amotivation, which is the state of lacking an intention to act [19] . As Kradolfer et al. [10] showed, it is difficult to find teachers who are explicitly amotivated. Moreover, our pool of respondents displayed motivation by subscribing to the training sessions.)
We characterized motivation as follows: • Intrinsic motivation refers to doing an activity for its own sake or the pleasure felt by doing it. Here, this motivation can be linked to knowledge (with the goal of learning something new), accomplishment (with the goal of becoming efficient and skilled), or stimulation (without a clear goal; the activity is undertaken for the sake of the activity itself.) • Extrinsic motivation refers to doing an activity for reasons external to the activity. The motivation may be selfdetermined, meaning that a choice is made even though the activity is not done for pleasure (regulation through identification). If the motivation is not self-determined, the activity is done because of external pressure (with external regulation, this pressure is initiated and maintained by factors external to the person, whereas introjected regulation occurs when the pressure is generated by the person, without being fully acknowledged). On the basis of these methods, we created a survey of 63 questions submitted in digital form to 180 participants during teacher-training sessions.
Respondents
The targeted group consisted of teachers who decided to take part in one or more training sessions involving Thymio. We received answers from 43 teachers (23.9%, almost onequarter of the original population), composed of 28 women and 15 men. Their average length of professional experience was 19.1 years (standard deviation = 8.5). Table 1 shows the details of the age distribution. Table 2 shows that 22 had already used Thymio in their classroom and 21 had not. The average professional experience of participants was very similar for those who had already used Thymio (≈20 years) and those who had not (≈18 years).
Concerning subjects taught, 24 considered themselves to be generalists (primary school), 13 specifically said they taught mathematics and/or physics, nine taught computer science or robotics, two coached Maturity Theses (end of high school projects), three were specialized and taught only some topics, and four said their roles were Media & ICT Figure 2 . Key features for a set of well-known educational robots mentioned in the text. Qualitative estimations are labeled with an asterisk (*). Regarding age range, when an upper limit was not applicable (e.g., 10+ years), the limit was artificially set to 20. In modular systems in which several motors or sensors can be connected to a fixed number of I/O, the number of systems was multiplied by a factor of two. To determine the number of devices supporting interaction, we counted all single devices except screens, which we considered to be artificially equivalent to 20 single devices. schools levels (from kindergarten through high school) were represented in our sample. We considered that this population tended to have a positive bias toward robotics, and Thymio in particular, because they showed interest in the domain by subscribing to the training sessions, and they gained knowledge and experience of using Thymio during these sessions. Because of this, we do not consider their motivation to be representative of teachers in general, but rather, an indication of the perception and motivation of teachers who show an interest in the field. To develop better educational robots and materials in the future, an understanding of teacher constraints and the obstacles they face will be valuable.
Results
Utility
What Do Teachers Perceive to Be the Robot's Utility? Teachers were asked to rate a certain number of affirmations on a four-point Likert scale (strongly disagree, disagree, agree, strongly agree). Concerning utility, only two teachers disagreed with the statement, "According to you, Thymio allows pupils to acquire knowledge," whereas 15 agreed and 26 strongly agreed. The two respondents who did not see any utility for the robot cited the young age of their pupils and the abundance of other available artifacts as reasons for their answer. Interestingly, the less enthusiastic answers (these two disagreements and nine of the 15 who agreed) were among teachers who had already used Thymio.
For Which School Subjects Can Benefit From Thymio?
To characterize this utility, we asked teachers the following question: "According to you, in which domains of the PER can Thymio be used?" Nearly all agreed on mathematics and sciences, and 30 also considered general education to be a good fit. Other domains received less than half of the votes [ Figure 3(a) ]. This corresponds with participants' profiles regarding the topics that they taught.
What Kind of Knowledge Do Teachers Target in RobotBased Activities?
One respondent stated, "The goal is not to use Thymio in a specific domain […] but to analyze clearly and precisely how Thymio adds value in the construction of certain knowledge. " Indeed, it is interesting to understand teachers' objectives in robotics activities in the classroom. Teachers said that using Thymio allows them to primarily target transversal skills, especially the reflective process (93%) and collaboration (90%). Other transversal skills, including communication, learning strategies, and creative thinking, also received approval by more than 70% [ Figure 3(b) ].
In addition, 65% of respondents agreed that "Thymio is a carrier of knowledge like any other" (15 strongly agreed, 13 agreed, 12 disagreed, and three strongly disagreed). The motivational aspect seems to be of great importance. Fully 91% of respondents agreed that "Thymio enhances the pupils' commitment in the school's activities" (21 strongly agreed, 18 agreed, and four disagreed). However, one teacher noted, "Once the discovery phase is over, Thymio needs other qualities to stimulate commitment. " This can be interpreted as a fear of the teacher or a request to the designers. Although some anecdotal elements show that Thymio can be used for very long periods, additional data are needed to assess whether this is true. In any case, when asked whether they would use Thymio as a pedagogical tool if it were available to them, only two of the 43 teachers answered that they would not. Among their reasons to use Thymio, they mostly claimed that it is a good tool for applying scientific thinking (making hypotheses, testing, drawing conclusions), it helps to illustrate phenomena and to make abstract knowledge concrete, and it is attractive, motivating, and fun for children. Some teachers also mentioned their interest in using varying methods of teaching and the richer interactions that pupils can have when working with robots.
Usability
By usability, we refer to the evaluation of the possibility of using Thymio. But it's important to take both teachers' and pupils' sides into account. Once again, answers to these questions reflect the opinions of teachers, and analyzing aspects of both sides will help us to understand what triggers or blocks the decision to use robots in class.
Which Professional Skills Are Required to Use the Device? Concerning the question of whether skills in computer science or robotics are needed for the use of Thymio during class, teacher opinions were fairly mixed [ Figure 4(a) ]. The divide can especially be seen regarding computer science skills: only half considered these to be necessary. If we cross this data with the question "Have you used Thymio in your class before?" we see that the answers are correlated. Teachers with experience considered that computer science skills are not really necessary, whereas those who had never worked with Thymio thought that they needed these types of skills (chi-square test, p = 0.005). It could be that getting to know Thymio reassured the users and showed them that they did not need advanced skills; conversely, the fear of lacking computer science skills may have prevented some teachers from actually making use of the robot.
What Factors Enable the Use of Robotics in the Classroom?
When asked "What allowed you to understand Thymio' s functioning?" "What would have allowed you to more easily understand Thymio's functioning?" and "How could we improve Thymio' s handling?" apart from answers focusing on technical improvements, many answers contained references to documentation ("more complete references on the programming language, " "a wider tutorial, " "better Aseba documentation, " "a guide with some well-illustrated examples, " and "step-by-step videos"), including ready-to-use materials ("preprogrammed SD cards with different functions, " "suggestions for ready-to-use programming activities, " and "a ready-to-use remote control sold with Thymio") and experience ("time spent interacting with it, " "my attempts, " "exercises like the children do, " "for the basic programming, the training session was sufficient; for more personalized programming, you need more knowledge, " and "I like to experiment with a good manual"). In future studies, it would be interesting to evaluate how training and experience impact the use of robotics in class.
What Is the Perceived Usability of the Device; i.e., Can Pupils Easily Handle It? When probed about pupils' handling of Thymio, teachers were more confident [ Figure 4 (b)]; they mainly answered in the affirmative: "It was easy for children to understand how to turn it on/off or change the mode. "
Regarding the level of usability, it would seem that blocking occurs more on the level of teacher skill and confidence rather than in the handling by children. This perception could change with wider use of Thymio. Indeed, teacher experience would grow, making them more confident and skilled with the technology; at the same time, this would give them the opportunity to observe problems that arise during actual use of the device. To understand the robot's acceptability, we inquired about the teachers' motivations. A series of 18 questions allowed us to differentiate the various aspects in this regard. The results showed that the teacher motivation was mainly intrinsic ( Figure 5 ). In particular, respondents showed a very strong intrinsic motivation for acquiring knowledge. This means that when using or intending to use Thymio in class, they aimed to learn something new, even if it was not part of the curriculum. This intrinsic motivation was also characterized by its strong trend for fulfillment, underlying the fact that teachers aim to be effective and competent in their professional practice when using Thymio. Finally, they were also intrinsically motivated by stimulation, that is, the use of Thymio for its own sake, especially in the case of early adopters who had already used the robot. Extrinsic motivation was found mainly in teachers who had never used Thymio. We observed two peaks of motivation: one through teacher identification of their own incentives and the other by external regulations.
The different types of motivation between experienced and inexperienced teachers is well illustrated by the following statistically different reaction to the following statements:
• "I use/want to use Thymio because I really love robots. "
Those who had used Thymio were more categorical about this than those who had just considered using it (chisquare test, p = 0.002).
• "I use/want to use Thymio to present it at the parents' meeting day. " Those who had used Thymio were mostly unmotivated by this, whereas the others found it more relevant (chi-square test, p = 0.006).
What Are the Device Constraints for Classroom Use? From teacher responses to this question, we can gather some hints as to the obstacles that they might encounter when trying to bring robots into the classroom. Several mentioned issues with the curriculum: that robots themselves are not mentioned and that it is hard to fit robotic activities into their practice. They also mentioned a lack of time during which robotics activities may be initiated.
• I would gladly use them in technology or math courses. " • "[I would use them], but obviously not in the prescribed school framework. Using Thymio regularly demands to rethink the learning process, to work in a different way, and, despite all, to prioritize the learning of scientific topics. " When asked whether they would receive the support of their superiors if they decided to use robots in class, most were confident: 35 said yes, three were unsure, and four said no. The acceptability of robots seems to depend more on the time needed for teachers to become acquainted with them and their adequacy with the curriculum rather than on the approval of the hierarchy.
In summary, the limits of acceptability are closely linked to the limits of usability. The fact that robots are not explicitly mentioned in the curriculum coupled with the time needed to gain experience and confidence lead teachers to believe that Thymio might not be directly adapted for class. Although the hierarchy is not presented as a blocking factor, we sense a fear of not obtaining approval or not fulfilling the program. We expect that with an improvement of usability (by providing more training opportunities and pedagogical materials that are directly usable and linked to the curriculum), acceptability would also improve. The weak weight of extrinsic motivation shows the limited influence of the school on the practice of teachers concerning the use of robotics.
Conclusions
The results of our survey confirm several findings of other studies, such as the following:
• the need for educational material, as seen in the analysis of usability • the need for teacher training, as shown by usability • the lack of institutional injunctions, mentioned as an obstacle in acceptability feedback • the perceived utility of the robots by teachers, clearly quantified in our study Figure 5 . Each type of teacher motivation was measured using three different questions. Amotivation was not considered because this study covered only those teachers who decided to act by attending at least one training session. • the broad applicability of educational robotics, especially in the teaching of transversal skills. Overall, we can confirm that Thymio has high usability at all school levels.
Our study allowed us to dig into more detailed mechanisms, based on the analysis of utility, usability, and acceptability, which are all linked. The analysis of acceptability showed that the main motivation for teachers is intrinsic: they want to learn something new, be more professionally efficient, and are interested in the device itself. External factors had less impact on their motivation, especially for those who were already using Thymio in their classroom. The rest of the teachers, whom we can call followers, had motivation that was based slightly more on external benefits or regulations, and we can expect this trend to grow in the future. It is also interesting to observe that the perceived utility of Thymio decreases when teachers use it in their class. This seems to show that the experience of using robots in real conditions presents difficulties that a teacher does not foresee when considering the device for the first time. However, perceived utility is still high and well grounded. The study on usability also showed that teachers are more confident in children's ability than in their own regarding the use of the robot. This underlies the importance of teacher training.
In our field, where most studies focus on the acceptability of robots by pupils, we believe that it is extremely important to pay increased attention to teachers, who have a key role in the use of robotics in education. We hope that the mechanisms highlighted in our study will help to better define strategies for the deployment of robotics in schools, in particular, by training teachers and supporting them in their use of robotics tools.
